Summary. The specific activities of lysosomal hydrolases in cultured skin fibroblasts and amniotic fluid cells showed wide and unpredictable variations between cultures, which may lead to difficulty in differentiating normal, heterozygous, and homozygous cells. However, the variability for a given culture was similar for all enzymes assayed, so that a clearer differentiation of a relative deficiency of a given enzyme could be obtained by expressing its activity in ratio to that of another enzyme. Activity ratios were particularly useful in the evaluation of enzyme levels in cultured amniotic fluid cells. Results of their application to tests of pregnancies at risk for metachromatic leucodystrophy, Krabbe's leucodystrophy, GM1-gangliosidosis, and GM2-gangliosidosis (Sandhoff variant) are presented.
The increasing use of cultured cells for the diagnosis and prenatal detection of inherited metabolic disorders has led to an awareness of the extent to which the enzymic activity of these cells may be affected by culture conditions. The type of medium (Beutler et al, 1971 ; Ryan et al, 1972) , the pH of the medium , the concentration of fetal calf serum (Kittlick et al, 1973) , and other culture materials-such as amphotericin B and trypsin (Uhlendorf, 1970) -have all been shown to influence the levels of enzymic activity of cultured cells. The enzyme content of cells might also be augmented by endocytosis of enzymes present in the serum constituents of culture media (Hors-Cayla et al, 1968) . Enzymic activities are also influenced by the state of the cultures at the time they are harvested for assay; these effects are particularly evident with respect to cell density (Leroy et al, 1970; Ryan et al, 1972) , time after feeding or subculture (Cristofalo et al, 1967; Okada et al, 1971 ), age of the culture (Holliday, 1972; Butterworth et al, 1973) , and the phase of growth (Pan and Krooth, 1968) .
It is essential, therefore, that a laboratory intending to use cultured cells in diagnosis should, whereever possible, attempt to control these effects in order to establish ranges of enzymic activity on which reliable diagnosis can be based. Differences
Received 30 August 1974. 224 in the enzyme levels of cultured cells reported from individual laboratories appear to be mainly due to variations in the culture conditions employed; differences may also be due to variations in assay procedures and in the use of protein concentration or other index to which specific activities are referred (Russell, 1969;  Kaback and Howell, 1970; Leroy et al, 1970) .
Even when all the above variables are controlled by standard practice, it is often found that the range of activity of cultures is very wide, particularly for amniotic fluid cells (Gerbie et al, 1972) and skin fibroblasts (Milunsky et al, 1972 Cultures were incubated at 37°C in an atmosphere of 5%/ C2 :95%O air, fed twice weekly, and harvested 24 h after feeding. Cells were detached with a 0. 1 solution of trypsin in 0.01 mol/l sodium citrate, pH 7.8, containing 0.1 mol/l NaCl.
Skin fibroblast cultures. A skin biopsy (1-2 mm3) was cut into several pieces and placed on a glass slide, which was then inverted in a Pyrex Petri dish (50 mm diameter) and covered with 5 ml of culture medium. Approximately 4 weeks later the pieces of skin were discarded and the fibroblast outgrowths trypsinized from the slide, which was then removed. Culture was continued in the dish until a monolayer was formed; the cells were then subcultured.
Amniotic fluid cell cultures. Amniotic fluid was centrifuged in sterile conical polycarbonate tubes at 400 g for 10 min at room temperature. The cell pellet was resuspended gently in 0.3 ml culture medium and added to 50 mm Pyrex Petri dishes, each dish receiving the cells from approximately 5 ml of amniotic fluid. Culture medium was added and the dishes were left undisturbed for 3 to 4 days, after which they were fed twice weekly. After 2 weeks, the colonies were trypsinized to disperse the cells, which were then allowed to grow to form a monolayer before being subcultured.
Cells harvested by trypsinization were washed with (1972) ; galactocerebrosidase according to the method of Bowen and Radin (1969) , using the modified substrate solution described by Radin and Arora (1971) fibroblast-like cells derived from amniotic fluid has shown both similarities and specific differences between their respective enzyme contents (Gerbie et al, 1972; Kaback and Leonard, 1972) . Such a division into two cell types would appear to be an over-simplification, since many more types may be present in amniotic fluid cell cultures (Uhlendorf, 1970) . Furthermore, skin fibroblast cultures which are normally composed of a single cell type, show wide variation in enzymic activity (Milunsky et al, 1972 group.bmj.com on June 18, 2017 -Published by http://jmg.bmj.com/ Downloaded from Enzymic activities of the cells harvested after two subcultures also showed marked differences, the slow-growing cells having approximately twice the activity of the fast-growing cells.
All the above findings confirm that current techniques and knowledge of cell culture do not permit strict control over the developmental patterns of lysosomal enzymes in cultured cells. Nevertheless, results showed that while the activities of individual enzymes varied widely between cultures, the degree of variation of activity for a given culture was similar for all enzymes assayed. Therefore, it appeared that a clearer differentiation of a relative deficiency in the activity of a particular enzyme might best be obtained by expressing that activity as a ratio to that of another enzyme. Experiments in which similarly cultured skin fibroblasts derived from control subjects, patients affected with a variety of lysosomal storage disorders and parents of these patients were compared, showed that wide ranges of activity were again found for control cultures, although the variability was less than that found for amniotic cell cultures. When these results were expressed as activity ratios the variability was considerably reduced (Table III) . In all cases, activity ratios were useful in distinguishing homozygous, heterozygous and control cultures, and were particularly helpful in differentiating heterozygotes for metachromatic leucodystrophy. The only discrepancy was a result obtained for the father of a patient with Krabbe's leucodystrophy. The galactocerebrosidase activity of his skin fibroblasts consistently fell within the normal range whether related to protein or to f-galactosidase (or other enzyme). Normal values for galactocerebrosidase activity had previously been found for leucocytes prepared from several specimens of the father's blood. Blood group matching confirmed parenthood.
Present experience suggests that the use of activity ratios rather than specific activities will be particularly helpful in the evaluation of enzyme levels in amniotic fluid cells. As found for skin fibroblasts, the wide ranges of specific activity of individual enzymes of control cultures were narrowed considerably when expressed in ratio to the activity of fi-galactosidase. The clearer differentiation obtained has been of practical use in prenatal diagnosis.
Pregnancies at risk for either metachromatic leucodystrophy, Krabbe's leucodystrophy, or (Brock, 1973) . It has been shown that the enzymic activities of amniotic fluid cell cultures may vary greatly between subcultures. Therefore, when monitoring a pregnancy at risk, the enzyme assay should be carried out on at least two different subcultures. A control culture of amniotic fluid cells should also be processed using identical culture conditions. Uncultured cells from control amniotic fluids can be stored in liquid nitrogen and removed for culture when required, thus easing the problem of the availability of control* cultures (Niermeijer et al, 1973 
